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PDPPOSK 

Thia  oontraot  la  eonoernad  with  tha  Invaatlgatlon,  i^pUoation  and  erralu- 
ation  of  lanoatarol  and  lanoatarol  nixturaa  as  ixspragnaata  in  paper  and  metallized 
paper  dleleetrio  oapaoltore.  The  Intent  la  to  approach  the  re<;iiirss:snto  of  HIL-C- 
25A,  Char ao ter iatio  V,  with  an  allowable  diaaipation  factor  of  2%.  The  Tuarlimm 
rating  will  be  600  rolta  d.o.,  and  the  temperature  range  of  operation  will  be  from 
-55®C  to  +85°C. 
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SUMMARY 


Extensive  investigations  have  been  made  concerning  the  nature  of  lanos- 
terol  and  lanosterol  impregnated  capacitors. 

The  physical  properties  of  lanosterol  were  determined. 

A chemical  analysis  of  commercial  lanosterol  v;es  perforr  od. 

An  investigation  of  the  purification  of  lanosterol  was  carried  out,  and 
a method  was  adopted  whereby  tb.e  lanosterol  was  recr^'stnllized  Tron  low  boiling 
solvents. 

A large  batch  of  lanosterol  was  purified  on  a semi-proc.uction  scale.  The 
product  was  electrically  equivalent  to  that  purified  in  the  la;o:‘atory. 

The  effect  of  various  additives  on  the  electrical  prOi>erties  of  lanos- 
terol was  observed.  Castor  oil  was  selected  as  an  additive  for  the  lanosterol 
imprepiant. 

The  electrical  properties  of  commercial  lanosterol  were  examined  and  were 
found  to  vary  from  batch  to  batch. 

Other  effects  peculiar  to  the  lanosterol  dielectric  were  examined. 

laper-foil  and  metallized  paper  capacitors  utilizing  variations  of  the 
lanosterol  impregnant  were  mannfactiwed  and  evaluated.  On  the  basis  of  these 
resxilts,  sample  capacitors  were  produced  for  shipment  to  the  S.C.E.L.,  Fort 
Monmouth,  Kew  Jersey. 


1.  2LjISM.1222  Bvtaagr  Mills  at  Faesalo,  Bsv  Jsrsaj.  Botas^'s  asthod  of 


prodaBtioB  sad  parlfleatioa  vm  disoussod. 

2.  6 kuBust  19^2  vith  SGBL  at  Fort  Honaoutb,  Raw  Jotsof.  Tho  vork  to  that  dato 
was  ranrlawod)  tmd  tho  progm  for  tho  ianodiato  futtoro  was  proaoatod.  Tho 
aodlfleatioa  of  laaoatorol  with  addltlToa  was  dlaeuaaod.  It  was  Bsiitlaiod 
that  if  125*^!  prorrod  too  soworo,  that  aa  intorost  eziatod  for  an  85^C  eapaeitor. 

3.  19  August  1952  with  3GSL  roproeeatatiToa  at  tho  Spragno  CLootrio  Caapany, 

Rorth  Ad«BM,  Massaehua*tt«.  Tho  vork  to  that  dato  was  reviowod. 

4.  o iQ«a  yith  SCEL  at  Fort  MoBBDttth,  How  Jorsoy.  Tho  contract  vork 

on  iMOStorol  vaa  prosontod  boforo  tho  Snb»Panel  on  Capacitors  of  tho  Rosoarch 
and  Co'ToioiaMBt  Board. 

5.  6 March  19^*^  with  SGBL  at  the  Sprgauo  Electric  Coapany^  North  Adams,  Mass- 
achuaotts.  The  vork  to  that  date  vas  reviewed.  It  vas  agreed  to  manufac- 
ture and  test  not  more  than  3^  capacitors  impregnated  vith  camnsrcial  lanos- 
terol.  The  need  for  a time  extension  on  the  contract  vas  discussed. 

6.  19  May  1953  vith  SC£2.  at  the  Sprague  Electric  Cooiqjany,  North  Adams,  Hass- 
achusotts.  The  announcement  that  Botany  Mills  bad  ceased  production  of 
lanosterol  vas  discussed.  It  vas  agreed  that  the  project  would  be  continued. 

7.  ip  with  SCEL  at  Fort  Monmouth,  New  Jersey.  The  vork  to  that 

dato  vas  revie%fed.  The  types  and  ntcnbers  of  saaple  paper  foil  capacitors 
vas  agreed  tipon. 
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SECTION  I - INTRODUCTION 

Lanosterol  is  of  interest  as  a capacitor  inpregnant  because  of  its  high 
dielectric  constant  at  room  temperatiire.  The  obvious  possibility  is  a redviction 
in  the  size  of  a capacitor  vdiich  utilizes  this  material  as  the  impregnant.  How- 
ever, the  high  negative  temperature  coefficient  of  lanosterol  limits  this  ap- 
parent advantage,  since  there  is  a considerable  decrease  in  dielectric  constant 
at  the  high  and  low  temperature  extremes. 

This  investigation  was  concerned  with  the  electrical  properties  of  lanos- 
terol, possible  improveiaents  in  these  by  purification  of  the  lanosterol,  and/or 
modifications  by  the  use  of  additives. 

The  original  aim  of  the  contract  was  to  pass  Characteristic  "E"  of  JA!:- 
C-25  with  the  high  ambient  temperature  extended  to  125°C.  Resrolts  of  the  First 
Quarterly  Report  denionstrated  the  improbability  of  capacitors  impregnated  with 
lanosterol  meeting  these  standards.  Consequently,  a modification  of  the  Technical 
Requirements  was  made  so  that  the  new  goal  was  Characteristic  "F"  of  JAK-C-25 
includfjig  an  allowable  dissipation  factor  of  2^  at  room  temperature  (Appendix, 
page  31 ) . 
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SLCTIC3N  II  - CE3IERAL  DISCIBSICC: 

A,  Goiirce  of  Material 

La&osterol  is  a oonstittient  of  wool  fat.  T)ie  only  recent  si^plier 
of  Imosterol  in  Koirth  Anerlca  has  been  Botany  Mllln,  1t7C.,  Pass£j.c,  New  Jersey. 
They  were  producing  only  pilot  plant  quantities  (ca,  14  pounds  per  week),  but 
at  present  even  this  prodiiction  has  been  suspended  (Aopondjx,  33).  If  It 
becejne  economically  feasible,  Botany  Mills  could  reopen  its  processing  facilities 
and  could  substantially  increase  its  prodxiction  of  lanosteroi.  The  potential 
U.  S.  nanufaetiffing  capacity  of  lanosterol  from  wool  fc.t  is  in  excess  of  one 
million  pounds  per  aunm. 

Botany  Mills  obtaines  lanosterol  from  the  lanolin  alcoholic  fraction  of 
lanolin  Lanosterol  has  been  shown  to  be  identical  to  t]'.e  compourc  cryptosterol 
which  is  derived  from  yeast  This  presents  another  pocri-le  coui’cc  of  the 
material 

B.  Chemical  Mature 

Lanosterol  is  a cheialcal  species  witii  the  emfiric?!  fonmC.<  C^QH^yO. 

Much  work  has  bovsn  done  towards  elucidating  the  physical  structure  and  orienta~ 
tion  of  the  lanosterol  molecvile,  especially  by  the  English  School  of  Dcree  and 
McGhie,  and  by  the  Swiss  School  of  Ruzicka.  One  of  the  more  recent  papers  of 
the  latter  3 favors  the  follov'lng  formula: 
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itSTs  caanot  bs  dissected  Into  sijnpl«  Isoprene 


▼X 

Jk  W HdO  XwirlMM  w&iXw  ••  WXmw  W 

residues,  and  thus  the  original  belief  In  the  triterpenoid  nature  of  lanosterol 
has  been  discarded.  Lanosterol  Is  not  a sterol,  ana  uie  nomenclature  is  mi.S'* 
leading. 

The  positions  of  the  OH  grou|>  of  the  double  bonds  in  the  above  con- 
figuration  have  been  corroborated  tty  other  investigators 
C.  Physical  Properties 

The  product  supplied  by  Botany  Mills  is  described  in  their  data  sheets 
(Appendix,  page  34  ).  In  the  crystal  form,  lanosterol  is  a soft,  \diite  flake. 

The  pvire  material  malts  at  141-142°C.  The  commercial  product  melts  ca.  120-130°C, 
and  is  apparently  more  impure  than  that  described  in  the  data  sheet  (m.p.  138®C). 

On  cooling,  the  molten  material  forma  a hard,  brittle,  semi-transparent  solid 
vd.th  a dark  ember  color.  After  extended  purification,  the  material  exhibits  a 
more  transparent  nature  end  a much  lighter  color.  The  lanosterol  darkens  upon 
exposure  to  heat,  indicating  a sensitivity  to  high  temperatures.  The  presence 
of  a reactive  double  bond  in  the  molecxilar  structure  of  lanosterol  may  account 
for  this  sensitivity  to  heat. 

The  specific  gravity  of  lanosterol  was  determined  at  various  tempera- 
tures , The  specific  gravity  vas  1*03  at  20°C  and  0,93  at  150°C  (Table  l).  These 
data  were  necessary  in  the  calculation  of  the  dielectric  constant  from  capacity 
measurements  on  large  solid  discs  of  material.  Also,  this  information  was  useful 
in  estimating  the  amount  of  lanosterol  necessary  for  further  work. 

The  viscosity  of  molten  lanc-'-terol  was  detei*mired  at  various  temperatures 
with  a Brookfield  Electroviscometer  . The  viscosity  of  oomnercial  lanosterol 
was  34«5  centipoises  at  148°C  (Table  2),  It  is  generally  desirable  to  have  an  ia- 
pregnont  with  a viscosity  of  less  than  100  centipoises  for  vr.cuvjr.  impregnation. 


Altbouf^  purlfioatiom  had  eaaaad  the  vlaeoelty  to  rise  sonsidiat,  the  ralue  at 
150~C  was  BatisTaetoxx  for  linpregMviQa  «t  that  teaperatura. 

Z-raj  difftraotion  patterns  of  Tarlons  Tsrleties  of  lanosterol  were  ob- 

7 

taiaed  • The^  showed  that  all  rarleties  had,  at  least  in  part,  e czystalline 
nature. 

D.  PhTsiolQgioal  Bffects 

The  personnel  at  Botany  Mills  tdio  hare  been  working  with  lanosterol  for 
a umber  of  years  hare  noticed  no  toxio  effects  or  allergenic  sensitisations 
due  to  this  material.  They  hare  observed  no  special  preoantlons  in  the  handling 
of  lanosterol.  Our  experience,  %ddoh  at  times  involved  intimate  handling  and 
exposure  to  vapors,  oonflxns  the  Botany  report. 

SoBie  persons  have  aodilbited  a hypersensitivity  to  lanolin  restiltlng  in  a 
contact-type  dermatitis.  The  responsible  allergen,  however,  is  not  present  in 
either  the  lanosterol  or  the  cholesterol  fractions  of  lanolin 

Botany  Mills  disclosed  that  the  lanosterol  ^ich  they  supply  melts  at 
138^0  and  contains  ca.  2$  aliphatic  lanolin  alcohols  and  ca.  2$  cholesterol.  They 
did  not  reveal  their  methods  of  analysis.  It  was  found  that  the  melting  range 
of  the  cooBerclal  lanosterol  was  120-130^0.  This  seemed  to  indicate  a greater 
amount  of  impurities  than  was  reported  to  us. 

in  attempt  was  made  to  analyze  the  amount  of  cholesterol  present  as  an 

n 

iaqjur/lty  'ey  a gravimetric  method  utilizing  a digitonin  addition  product  . The 
results,  >diich  have  been  inconalstent,  indicated  the  presence  cf  ca.  7.3% 
cholesterol,  inalysis  of  lanosterol  to  which  9%  cholesterol  had  been  added  re- 
suited  in  a value  of  16.1%  cholesterol  After  purification  the  amount  of 
cholesterol  dropped  to  2.3%. 


The  eaponlfleetlon  nuaber  and  aold  number  of  lanosterol  were  detex'> 

7 

mined  . Before  purification  of  the  lanosterol,  the  saponification  number  in- 
dicated the  presence  of  3. 5-6. 5^  of  esters  of  an  assumed  molecular  weight  of 
500.  After  purification  the  amount  fell  to  2. 6-3. 2^.  The  total  acid  number 
before  purification  showed  the  presence  of  1.3-1. 5%  of  acids  of  an  assumed 
molecular  weight  of  375.  After  purification,  the  value  dropped  to  0.1-0. 2^ 
(Table  3). 

The  ash  content  of  conmereial  lanosterol  was  foimd  to  be  of  the 
order  of  0.2^.  The  aqueoxis  extract  of  lanosterol  contained  chloride,  sulphate, 
and  calcium  ions  in  trace  amounts  (Table  3). 
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SECTION  III  - FURIflGATION  OF  UNOSTEROL 


Jl.  Introduction 

Comaerclal  lanosterol  denonstrated  properties  vhich  were  belov  the  con- 

7 

▼entlonal  standards  Tor  oapacltcr  is^regnants  . The  material  eodilblted  a large 
decrease  In  dielectric  constant  at  the  traperature  extremes.  In  addition,  the 
reslstlrity  was  quite  lov  at  the  hi{^  tesqwratures,  and  the  dissipation  factor 
vas  tmsatlafaotory  throughout  the  tes^rature  range. 

It  was  obrlous  that  lahosterol  iapregnated  capacitors  vould  not  ^>proaoh 
the  original  goal,  l.e.  Gharaoterlstlo  "B"  of  JAN-G-25,  vith  the  high  anblent 
teeperatts^  extended  to  125^0.  It  vaa  deolded  that  the  revised  requirement, 
Characteristic  *F"  would  be  met  more  satisfactorily  if  commercial  lanosterol 
%rere  purified 

Thus,  purification  of  the  lanosterol  vas  undertaken*  The  original 
of  the  purification  program  vas  a product  with  a sharp  high  melting  point, 
approaching  that  cited  in  the  literature  for  the  pure  cospound  (142°C).  It  vas 
assumed  that  such  a product  vould  have  the  moat  desirable  electrical  properties. 
Although  this  vas  fo\md  to  be  true,  the  melting  point  vas  an  insufficiently 
aenaltive  criterion  of  degree  of  purity.  Thus,  the  direct  measurement  of  elec- 
trical properties  of  lanosterol  vaa  adopted.  This  method  utilized  a 50  mmfd 
air  condenssr  isnerced  in  the  molten  tmpregnant  in  a ICO  ml  beaker.  The  sub- 
sequent measurement  of  electrical  properties,  unlike  the  determination  of  melting 
point,  vas  sufficiently  sensitive  to  small  laprovements  in  the  purity  of  lanos- 
terol. 
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B.  MethodB  of  PurlflcftUoo 


Th«  Btoat  daslrabl*  atathod  of  purifying  tha  lanostarol  from  a production 

standpoint  is  filtration  trim  an  adsorptlva  madium.  Filtration  of  alactrioal- 

grade  oils  and  vaacas  is  standard  praotica  in  tha  capacitor  indtistry.  Two  commonly 

\isad  adsorbents  ara  Ittapulgt'a  Cl  j (Fuller's  Earth)  and  an  activated  bentonite 

clay  (Retrol  Earth).  Molten  laxiosterol  was  filtered  in  tha  presence  of  3ach  of 

these  adsorbents  Increases  in  the  resistivity  of  lanostarol  at  150°C  oc- 

ourred  in  both  oases,  with  Retrol  Earth  proving  more  effeotlve.  Repetitive  fil- 

7 8 

tratlcns  were  even  more  benefloial  * , Howaver,  the  products  had  variable  physi- 
cal and  eleotrleal  properties  ^diloh  could  not  be  reproduced.  Degradation  of  the 
lanostarol  was  probable  taking  place.  Furthersere , the  yield  of  material  was 
prohibitively  low. 

The  other  general  method  of  purification  \iblcix  was  investigated  consisted 
mainly  of  reerystalUzatlon  of  lanostarol  from  its  acetone  solution.  Methanol 
was  used  to  effect  preelpltatlon.  After  a program  of  experimentation,  the  above 
purification  procedtire  was  adopted.  Both  an  initial  water  wash  snd  the  use  of 
Retrol  Earth  adsorbent  during  solution  in  the  acetone  caused  improvement  of  the 
electrical  properties  of  lanostarol  and  were  incorporated  in  the  purification 
procedure 

This  method  of  purification  produced  a material  tdiich  was  considered  to 
be  satisfactory  for  the  purposes  of  the  contract.  The  electrical  properties  of 
this  material  were  found  to  be  consistently  reprodiu:ible. 

Repetitive  (3X)  recrystallization  produced  still  better  electrical  prop- 
erties. However,  there  was  only  a 30^  yield  as  a result  of  the  cumulative  losses^ 
Also,  the  considerable  increase  in  time,  labor,  and  the  cost  of  materials  showed 
this  procedure  to  be  impractical. 
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'Table  4 snnaarlzea  the  eleotrloal  properties  of  lanosterol  purified  ac- 
oordlng  to  these  Tarious  prooednrea. 

C.  Pilot  Plant  PurificaUott 

It  was  B«fleeseT7  to  set  up  an  aperaticK  for  the  prnrifioetioE  of  the  rela- 
tirely  large  anoimt  of  laaosterol  (140  Iba.)  required  for  the  latter  ihases  of 
the  progran.  With  the  use  of  equipnent  and  facilities  anrailable  at  the  Sprague 
Kleotrlo  Conpauy,  a pilot  plant  was  designed  and  construoted  for  the  neoessazy 
prooesslxig  1 flow  sheet  of  the  prooess  la  shown  in  Figure  1. 

The  steps  of  the  purification  procedure  are  as  follows: 

1.  The  entire  batch  of  lanosterol  was  agitated  for  one  hour  in  ten  parts 
of  boiling  distilled  water. 

2.  The  solid  was  ooUected  in  a centrifuge  and  dried  in  air  at  room 
teoperature.  (The  lanosterol  was  diyidod  into  three  batohes,  and 
the  remainder  of  the  purification  was  performed  on  each  batch.) 

3.  The  lanosterol  was  dissolved  in  18  parts  of  boiling  acetone  in  the 
presence  of  10%  retrol  adsorbent. 

4*  The  retrol  was  removed  from  the  hot  solution  bjr  filtration. 

3.  Two  parts  of  methanol  were  added  to  the  solution. 

6.  When  the  resultant  slurzy  had  cooled,  the  lanosterol  precipitate  was 
collected  by  filtration  azid  dried  in  air. 

7.  The  three  batches  of  purified  mterial  were  mixed  together. 

The  product  of  this  pilot  plant  purification  of  lanosterol  was  fomd  to 
be  satisfactory  for  the  purposes  of  the  contract.  Measurement  of  various  samples 
of  this  material  showed  a consistency  in  electrical  propeirties.  These  properties 
were  equivalent  to  -those  of  lanosterol  purified  in  the  laboratory  (Table  5) 
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If  this  varioty  of  purified  lanosterol  were  foimd  to  be  useful  on  the 
Indus trletl  level  as  an  t^^>^egnant  for  capacitors,  a more  practical  process  for 
purification  could  be  designed.  For  ezaiaple,  a continuous  process  would  be  less 
expensive  to  operate  that  the  previously  described  batch  process.  The  Inclusion 
of  the  recovery  and  reuse  of  solvents  and  lanoster-ol  fro&  the  vests  liquor  in  s. 
continuous  process  would  then  be  possible.  Even  so,  the  problem  of  tie  deteriora- 
tisn  of  lenosterol  wotild  stllD.  be  present.  Because  of  this  effect  of  heating,  it 
votild  be  necessary  to  repur l£y  the  material  after  each  ijqjregnatlon.  In  a con- 
tinuous process,  this  could  be  by  the  systematic  introduction  of 

controlled  amounts  of  used  is^egnant.  The  resulting  product  would  then  have 
reasonably  consistent  properties. 

If  the  Impreguact  were  required  to  contain  an  additive,  such  as  castor 
oil,  repurlflcatlon  would  become  a more  involved  problem.  Additional  steps  in  the 
purification  process  probably  would  be  needed  to  remove  the  additive  prior  to 
repurlflcatlon.  The  process  would  perhaps  not  then  be  feasible  from  an  economic 
standpoint. 

An  ideal  solution  to  this  overall  problem  would  be  the  control  of  de- 
terioration, if  possible.  This,  however,  would  necessitate  a program  of  experl- 
mantation  and  evaluation.  If  deterioration  could  be  controlled,  the  lanosterol 
cotild  be  reused,  and  only  occasional  repurlflcatlon  woiild  be  required.  Thus, 
the  amount  of  raw  materials  and  processing  would  be  redxiced  to  a minimum,  and 
a simple  batch  process  coiG.d  be  employed  for  purification. 
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SECTION  IV  - ELECTRICAL  EVALUATION  OF  THE  LANOSTEROL  DIELECTRIC 


A.  Variations  In  Commercial  Lanoatorol 

Safi^les  of  the  varioiis  batches  of  lano sterol  were  tested  for  electrical 
properties  by  means  of  the  50  smfd  cell  method  (Section  III-A,  page  9 )•  Results 
of  these  tests  indicated  a variation  in  the  degree  of  purity  of  commercial  lanos- 

Q 

terol  This  Is  understandable,  since  only  a small  diange  in  the  aaiount  of  sooe 
impurities  (e.g.,  aliphatic  alcohols)  could  result  in  a relatively  large  change  in 
resistivity.  For  example,  lanosterol  sample  L-3  had  a resistivity  of  3.1  x 10^ 
ohm-cm  at  150°C,  vdiile  that  of  L-4  was  7.3  x 10^  ohm-cm  (Table  6).  This  spread 
was  carried  over  to  the  purified  samples  L-3:  25  x 10^  ohm-cm,  L-4:  00  x 10*^ 

ohm-cm.  Thus,  it  was  necessary  to  use  the  seme  starting  materiel  in  order  to 
obtain  a proper  evalxiatlon  of  capacitors  impregnated  with  lanosterol.  A sample 
of  the  final  batch  of  lanosterol  (L-5)  was  tested  and  was  found  to  be  somevhat 
inferior  to  all  previous  sasples  received  from  Botany  Mills. 

B.  Lanosterol  Plus  Additives 

Mixtures  of  ceistor  oil  and  lanosterol  were  reported  to  have  higher  di- 
electric constants  at  room  temperature  than  lanosterol  alone  An  investiga- 
tion of  the  effect  of  castor  oil  and  of  other  additives  on  the  electrical  prop- 

n 

ertles  of  lanosterol  has  been  made  in  this  laboratory  ’ . 

The  reported  increases  in  the  dielectric  constant  of  the  castor  oil  mix- 
tiures  have  been  observed  only  in  the  near  room  tcsperaturc  range.  This  increase 
resvilted  in  a greater  capacitance  change  at  the  temperature  extremes.  The 
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reai8tlTlt7  of  lanosterol  was  found  to  decrease  vlth  increasing  castor  oil  content. 
If  a 125°C  capacitor  were  desired  there  would  be  little  advantage  in  using  castor 
oil  as  an  additive  to  the  lanosterol  iaqpregnsnt. 

The  effect  on  lanosterol  caused  bjr  the  addition  of  various  other  satorials 
was  examined  None  of  these  additives  produced  any  desirable  effects  on  the 
resiativlty  and  dissipation  factor  of  lanosterol. 

C.  Deterioration 

On  heating  lanosterol,  an  apparent  de^adation  was  noticed  at  the  very 

2 

outset  of  the  contract  . This  effect  occurred  even  at  relatively  moderate  temp- 
eratures For  example,  a sample  of  lanosterol  was  heated  in  air  at  80%.  A 
comparisen  sample  was  allowed  to  remain  at  room  tenp>erai.ure.  Tne  effect  on  the 
melting  point  was  as  follows: 


Tima  Elapsed 

Melting  Point 

Melting  Point 

la  Hours 

Room  Temp.  Sample 

Oven  Heated  Sample 

20 

133.5  - 135°C 

133.5  - 135°C 

60 

133.5  - 135% 

103  - 112®C 

These  data  show  that  heating  lanosterol  caused  its  melting  point  to  be 
lowered.  It  is  reasonable  to  assume  that  this  degradation  would  occur  faster 
and  to  a greater  extent  at  150^0,  at  idiich  teenperature  all  impregnations  were 
performed. 

The  resistivity  of  both  purified  and  unpurlfied  Isjiosterol  fell  to  less 
than  one-half  of  their  original  values  after  about  20  hours  at  150%.  Aftecr  80 
hours,  tha  values  bad  fallen  to  about  one-fifth  of  the  starting  values.  A sample 
heated  in  vacuum  behaved  similarly  after  20  hours,  but  the  resistivity  declined 
only  slightly  from  this  value  after  80  hours  (Figure  2) . 

Samples  of  lanosterol  purified  by  various  melhods  were  examined  for 


deterioration  of  electrical  properties  after  having  been  niaint-ained  at  1^0°C  in 
air  for  5 hoinrs.  (Five  hours  are  required  for  the  total  impregnation  cycle.) 

The  sample  purified  by  the  recrystalllzatlon  method  which  had  been  adopted  for  all 

g 

pioriflcatlon^  showed  the  least  decrease  in  resistivity  during  that  time  . 

No  f*jrther  analysis  of  this  heating  effect  was  performed.  In  order  to 
minimi  ze  this  effect,  the  impregnant  was  continuously  maintained  under  vacuum 
dinring  impi'egnatlon,  even  before  the  lancsterol  has  melted.  Dry  nitrogen  was  used 
to  break  the  vacuum. 

D.  The  Slow  nooTlag  Effect 

It  has  been  reported  that  a change  in  the  dielectric  constant  of  lenos- 
tero  occimalidien  the  material  is  cooled  et  a slow  rate  This  effect  has  been 

investigated  for  commercial  lanosterol  and  lanosterol  purified  by  the  7/ecrystal- 
llzatlon  method.  Changes  in  the  dielectric  constant  of  these  sasqjles  were  in 
general  agreement  with  the  reported  results  « Lmosterol  purified  by  repetitive 
hot  adsorptive  filtration  did  not  exhibit  this  effect  (Table  7). 

The  changes  of  dielectric  contant  due  to  slow  cooling  could  be  a manifes- 
tation of  a varying  degree  of  crystallinity . Thus,  the  differences  in  results 
between  unpurlfled  lanosterol  and  that  purified  by  the  adopted  procedure  are 
understandable,  since  the  impurities  could  well  affect  the  rate  and  degree  of 
crystallization.  The  material  purified  by  aidsorptive  filtration  had  acquired 
different  physical  (and  probably  chemical)  characteristics  d\ie  to  the  extended 
exposure  to  high  temperature.  Thvis,  it  may  have  acquired  a completely  different 
crystalline  structure. 
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SECTION  V - EVALUATION  OF  PAPER-FOIL  CAPACITORS 


All  teat  capacitors  were  designed  to  have  a capacity  of  one  microfarad. 
The  design  constants  for  lanosterol  were  obtained  from  data  recorded  in  the  First 
Quarterly  Report. 

The  capacitor  seciicais  were  "inductively"  wound.  The  sections  were  en- 
cased in  hermetically  sealed  metal  cans.  One  terminal  was  grounded  to  the  can. 
The  other  terminal  was  hroiight  out  through  an  eyelet  mounted  in  a glass-kovar 
end  seal. 


The  Impregnation  of  the  capacitors  was  performed  according  to  special 
techniques  The  impregnation  temperature  wm  152°C.  Special  provisions 
were  made  to  maintain  the  lanosterol  under  vacuum  or  nitrogen  during  the  entire 
procedtire  in  order  to  minimize  deterioration  of  the  impregnent. 

Three  varieties  of  the  lanosterol  impregnant  were  used  to  manufacture 
the  test  capacitors:  commercial  lanosterol,  purified  lanosterol,  and  the  mixture 

of  90^  purified  lanosterol  and  10^  castor  oil 
B.  Yarlatlon  of  Electrical  Properties  with  Temperature 

It  was  desired  to  meet  the  Characteristic  "F"  requirements  for  insulation 
resistance  and  capacitance  change,  and  to  maintain  a dissipation  factor  of  less 
than  2%  at  room  tes^rature.  The  properties  of  paper  foil  capacitors  Is^regnated 
with  commercial  lanosterol,  purified  lanosterol  and  the  mlrture  of  90^  purified 
lanosterol  and  10^  castor  oil  all  met  the  above  requirements 
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The  properties  of  the  purified  lanostorol  capacitors  were,  in  general, 
sv^jerior  to  those  of  the  other  two  inpregnants  (Table  S).  In  fact,  the  resistance 
value  for  pxirifled  lanosterol  (30  negohms  x mfd.)  at  105°C  was  still  greater  by  a 
factor  of  two  than  the  prescribed  value  for  the  high  ambient  tempeiature.  There- 
fore, with  respect  to  the  properties  mentioned  in  this  section,  the  high  ambient 
temperat\jre  of  purified  lanosterol  capacitors  could  be  extended  to  105°C.  Figures 
2,  3 and  4 compare  the  electrical  properties  of  these  capacitors. 

C.  Dielectric  Strength 

The  dielectric  strength  of  paper-foil  capacitors  impregnated  with  the 
three  varieties  of  the  lanosterol  ia^sregnant  was  about  2500  volte  per  mil  of  paper 
thickness.  This  value  did  not  change  noticeably  with  temperature  Very  low 
temperat\ires  appeared  to  have  little  effect  on  the  magnitude  of  breakdown  voltage, 
and  the  dielectric  strength  of  lanosterol  presented  no  limitation  in  its  use  as 
an  iB^iregnant  for  paper-foil  capacitors.  The  addition  of  castor  oil  produced  no 
change  in  the  dielectric  strength  of  lanosterol. 

The  life  testing  procedure  followed  the  MIL-C-25  specifications.  The 
testing  voltage  was  1.40  times  the  nominal  voltage.  A 250  hour  life  was  required. 
Capacitors  were  tested  at  -55°C,  +25°C  and  +65°C.  For  evaluation  purposes  it  was 
decided  to  extend  the  test  time  at  85%  to  500  hours.  The  complete  life  test 
data  are  Incliided  in  Progress  Report  #5. 

The  units  >hlch  were  selected  on  the  basis  of  the  life  testing  program  as 
satisfactory  for  final  designs  are  tabulated  below.  With  one  exception  these 
designs  e:dilblted  no  failures  in  12  \mlts  at  each  of  the  test  ten^ratiires.  The 
200  volt  unit  impregnated  with  the  mixture  of  90^  purified  lanosterol  and  10^ 
castor  oil  had  one  failure  in  twelve  during  the  room  temperature  life  test.  The 
res’Jlt,  however,  is  still  within  the  life  requirements  of  JAM-C-25. 
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Purified  lanosteroi 

3 X 0.00(20" 

200  VDC 

" n 

3 X 0.00030" 

600  VDC 

90^  Purified  Lanosteroi  ^ 
1(^  Castor  oil 

3 X 0.00020" 

200  VDC 

If  It 

3 X 0.00035" 

600  VDC 

CoBsnarclal  lanosteroi 

3 X 0.00030" 

600  VDC 

Th«r«  vaa  one  failure  in  a group  of  twelve  capacitore  impregnated  with 
oogserclal  lanosteroi  and  tested  at  25^C  (Table  9)>  No  additional  life  tests 
were  run  with  this  variety  of  capacltoro 

One  groxip  of  capacitors  impregnated  with  purJfied  lanosteroi  was  tested 
at  125*^C.  There  were  no  failures  in  this  group  of  t\«lve  units  after  250  hours 
(Table  10). 

E.  Dielectric  Absorption 

Dielectric  absorption  of  lanosteroi  iipprecjoated  capacitors  was  exerined 
using  available  test  equipment.  The  method  utilized  a standard  polystyrene 
capacitor  against  whose  absorption  the  test  capacitor  was  compared  Accord- 
ingly, the  purified  lanosteroi  dielectric  and  the  lanostorol-castor  oil  mixture 
were  cosQ>ared  with  the  standard  izpregnants,  Halowax*  and  Vitamin  Q^. 

The  build-up  of  voltage  after  discharging  of  lanosteroi  capacitors  was 
twice  that  of  Vitamin  Q,  and  more  than  1-1/2  times  that  of  Halowax.  The  castor 
oil  additive  increased  this  bvdld-up  to  three  times  tuat  of  Vitamin  Q and  twice 
that  of  Halowax.  Thus,  the  lanosteroi  impregnants  have  shown  a greater  dielec- 
tric absorption  than  the  standard  impregnants  Halowax  and  Vitamin  Q 

* Trade  Name 
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Tne  teat  proceditre  was  as  foUdws; 

1.  The  unbaown  captacltor  was  charged  to  200  VDC  simultaneously  with  the 
standard  polystyrene  cepacitor.  The  charging  time  was  30  seccnd& 

2,  Both  capacitors  ware  discharged.  The  diiTerences  in  potential  be- 
tween the  test  capacitor  and  the  standard  < •'’  /cf.tor  v;or'  recorded 
after  5,  iO,  3u,  and  75  second  intervals. 


SECTION  VI  - EVALUATION  OF  METALLIZED  PAPER  CAPACITORS 


Ae  ti?g&ra  Manufacture 

The  test  sections  were  ncnufactured  c^cordlng  to  standard  mat^lized 
paper  oonstrtictian  procedure.  The7  were  assembled  In  cans  axid  seals  Identical 
to  those  \:ised  for  the  paper' fril  capacitors.  The  various  types  of  test  capaci- 
tors, \diich  were  designed  to  have  a capacity  of  one  microfarad,  are  listed  below. 


Operating 

Code 

ImDTetaient 

Pauer 

Voltaue 

Can  Size 

ML-2 

Purified  leno- 

1 X 0.00035" 

Met»d 

200  VDC 

0.398  X 1-9/16' 

starol 

ML-6 

Purified  lano- 

1  X 0.00035" 

Met'd 

sterol 

1 X 0.00045" 

Kraft 

600  VDC 

0.670  X 2-1/8" 

MC-2 

90%  Purified 

lanosterol  + 

1 X 0,00035" 

Met'd 

200  VDC 

0,398  X 1-7/16' 

10%  castor  oil 

MC-6 

‘1 

1 X 0.00035" 

Met'd 

1 X 0.CCO45" 

Kraft 

600  VDC 

0,670  X 2-1/16' 

B.  Dielectric  Strength 

It  was  desired  to  determine  the  maximum  voltage  which  could  be  applied 
to  lanosterol  Impregnated  metallized  paper  capacitors  before  degradation  of  their 
electrical  properties  occurred.  Six  capacitors  of  each  variety  listed  in  Section 
VI-A  were  used  for  the  evaluation. 

Voltages  wore  applied  to  the  capacitors  through  a series  resistance  of 
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10,000  ohms,  and  were  increased  ly  increments  of  100  volts.  After  each  step,  the 
cai>acltors  were  checked  for  capacity,  dissipation  factor  and  insulation  resistance. 
The  test  was  conducted  at  room  tenperatui’e . 

The  results  of  these  measurements  are  recorded  in  Table  11.  The  peak 
voltage  applied  to  these  different  capacitors  before  any  degradation  of  electrical 
jnropertles  occurred  is  tabvilated  below.  Above  these  voltages,  the  capacitors  ex- 
hibited a sharp  decrease  in  resistance,  an  increase  in  dissipation  factor,  and  a 
noticeable  loss  in  capacitance. 

Type  Capacitor  OnerAtlng  Voltage  Peak  Clearing  Voltage 


ML-2 

200  7.D.C. 

800  V.D.C. 

200  V.D.C. 

700  V.D.C. 

ML-6 

600  V.D.C. 

1900  V.D.C. 

MC-6 

600  V.D.C. 

1600  V.D.C. 

The  capacitors  impregnated  with  purified  lano sterol  withstood  somewhat 
higher  voltages  than  did  those  idilch  were  inpregnated  with  the  castor  oil  mixture. 

It  was  determined  from  these  data  that  a value  of  twice  the  nominal  volt- 
age would  be  satisfactory  as  the  clearing  voltage  for  the  lanosterol  metallized 
paper  cipacltors.  These  voltages  were  somewhat  below  the  peak  clearing  voltage 
levels.  All  metallized  paper  capacitors  were  sparked  in  order  to  clear,  or  bum 
off,  any  weak  spots  or  shorts.  A series  resistance  of  one  ohm  per  volt  limited 
the  peak  charging  current  to  one  ampere. 

C.  Variation  of  Electrical  Properties  With  Temperature 

The  tesperature  characteristics  of  metallized  paper  capacitors  met  the 
requirements  of  MIL-C-25,  Characteristic  "F"  (Table  12,  Figures  6,  7,  8), 
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The  addition  of  caster  oil  again  caused  a decrease  in  resistance  throughout  the 
teBq>eratura  range.  The  metallized  paper  capacitors  e::diibited  inprcYed  capacitance 
stability  throughout  the  ten5Jeratvir3  range  over  that  of  the  paper-foil  capacitors. 
D,  LUSL.j9Pt 

The  life  ef  a mstcllized  paper  capacitor  is  not  normally  terminated  ty  the 
occxnrence  of  a short  circuit.  It  may  be  ended  hy  an  open  circuit,  a result  vhlch 
us\ially  indicates  ln^rfect  construction.  The  customary  llmd.ting  factor  of  the 
life  of  a metallized  paper  capacitor  is  degradation  of  insulation  resistance. 

The  Gharacteristlc  limit  la  1500  megohms  x mfd.  measured  at  room  temperature. 
If  the  insulation  reslatance  of  a capacitor -has  dropped  to  lees  than  ana-thirds 
of  this  value  ( 500  megohms  x mfd.  ) after  the  life  test,  the  unit  is  considered 
to  have  failed.  A capacitor  is  also  considered  to  have  failed  if  a capaoltance 
ohaxige  of  greater  than  10^  has  resulted  from  the  85°C  life  test. 

Groups  of  twelve  units  of  each  variety  of  metallized  paper  capacitors 
(Section  71-A)  were  life  tested  at  85oC*  Groups  were  also  tested  at  -55°C,  ^5°C 
and  4125%.  The  number  of  times  that  the  capacitors  shorted  and  cleared  was 
recorded  during  the  85°C  tests.  These  shorts  were  referred  to  as  count e.  The 
oosplete  life  teat  data  are  recorded  in  Table  17. 

A sumnary  of  the  life  teste  results  is  given  in  Table  13*  With  respect 
to  the  MIL-C-25  specif Icatlans,  all  groips  passed  the  life  teets.  The  600  volt 
groip  vhich  utilized  the  purified  lanostarol  inpregnant  exhibited  a 14^  drop  in 
capacitance  after  the  25°C  life  test.  Although  there  are  no  specif Icatione  for 
life  at  reem  temperature . this  capaoltance  drop  le  tmdasiraUe  for  many  capaci- 
tor oppUcatlona. 

No  definite  trends  are  indicated  by  tlie  life  test  results.  The  addition 
of  oaator  oil  appeared  to  Inprove  the  oapaoitazu:e  stability  of  the  lanoeterol 
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ijiqptregnan».  Hovevor,  this  addition  also  produced  a very  lar^c;  variation  in  Insu- 
latiou  raslstanoa  siaaaurad  after  the  life  testo 

The  only  failure  occurred  dxiring  the  125°C  life  test  of  the  ML-2  group » 

The  resistance  of  one  unit  dropped  below  the  prescribed  limit. 

£.  CurTwt  Chg*pCve*i5tics 

The  effect  of  repeated  high  current  surges  on  a metallized  paper  capacitor 
is  Important  in  many  capacitor  appllcatlonso  Therefore,  a test  was  performed  to 
detenoine  vdiether  }il^  current  sxirges  had  a datrimental  effect  on  lanosterol  im- 
pregnated metallized  paper  capacitors.  The  test  effectively  checked  the  electri- 
cal coxmections  to  the  electrodes  of  the  capacitor.  High  dissipation  factors  and 
open  connections  wuld  be  the  result  of  repeated  current  surges  on  an  inadequately 
constructed  unit. 

The  test  capacitors  vrere  charged  and  discharged  100  times.  The  applied 
voltage  was  2,0  x the  nominal  voltage.  Some  capacitors  were  charged  with  no 
current  limiting  device.  The  charging  and  discharging  current  was  limited  on 
other  capacitors  to  a maximum  of  about  one  ampere  by  means  of  a resistor  in  series 
with  the  charging  circuit.  The  dissipation  factor  was  recorded  after  the  units 
were  charged  1 time,  10  times,  25  times,  50  times  and  100  times. 

The  capacitors  charged  through  a cturent  limiting  resistor  exhibited  no 
deterioration  after  the  100  applications  of  voltage  (Trble  14).  One  capacitor  of 
the  groiqp  charged  with  no  current  limiting  resistor  developed  and  open  connection 
after  100  charges  and  discharges.  This  unit  ejdiiblted  an  increasing  dissipation 
factor  even  after  ten  applications  of  voltage.  All  other  capacitors  of  this 
group  sboired  no  deterioration  at  the  end  of  the  test  (Table  14) • 
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SECTION  VII  - THE  MERITS  OF  LAHOSTEROL  CAPACITORS 


• _ — X — J i _ 

A*  £i^aC ui.a.eeu.  rirmjtjj- u.ma 

Purified  Innosterol  vas  s’jpsricr  to  both  the  coimuarcial  lanosterol  and  the 
lanoaterol-castor  oil  nibctirre  vdth  respect  to  tenperaturo  characteristics.  This 
superiority  was  less  pronounced  with  metallized  paper  caj  acltorr  than  with  paper- 
foil  capacitors  (Fif;ures  3 8) . 

The  addition  of  castor  oil  to  the  lanosterol  imprognant  was  not  desirable 
from  the  temperature  characteristic  standpoint.  However,  the  castor  oil  did 
produce  an  increase  in  the  dielectric  constant  at  room  temperature. 

Lanosterol  impregnated  capacitors  exhibited  on  excessive  loss  in  capaci- 
tance when  maintained  under  stress  at  room  tenperaturos . The  addition  of  castor 
oil  considerably  reduced  this  capacitance  loss,  and  thus  increased  the  useful 
limit  of  operation  of  lanosterol  capacitors.  The  capacitance  changes  of  the 
various  typ>es  of  test  capacitors  are  listed  in  Table  15. 

The  degree  of  capacitance  loss  increased  witli  ir.creases  in  the  ratio  of 
lanosterol  to  the  other  components  in  the  dielectric  (Table  15).  Paper-foil 
capacitors  contain  ca.  35^  impregnent,  multipaper  metallized  capacitors  contain 
ca.  30%  impregnant,  and  single  paper  metallized  capacitors  contain  from  20%  to 
25%  impregnant.  From  this  standpoint,  the  200  volt  metallized  paper  capacitor, 
which  contained  the  smallest  percentage  of  lanosterol,  was  the  most  desirable 
design.  The  property  of  capacitance  loss  appeared  to  be  an  inherent  character- 
istic of  the  lanosterol  dielectric. 
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T'riis  variation  in  the  proportions  of  dielectric  conctltuonts  also  affected 
the  tenperatura  coeffioient  of  capacitance.  The  capacitanca  loss  at  high  tenpera- 
tures  increased  vith  increasing  peroentagea  of  lanostcrol.  Again,  the  200  volt 
matalllzed  paper  capacitor,  containing  the  smallest  percentage  of  lanoaterol,  ex- 
hibited the  least  loss  in  capiicitauoe  at  4125*^0  (Ta'uleo  0,  12).  The  dielectric 
constant  of  Isaosterci  drops  off  aharpl7  at  both  tomperature  extremes.  The  di- 
electric constants  of  paper  and  lacquer  drop  off  at  the  low  temperatures,  but  in- 
crease from  room  tenperature  to  ^25^C»  Thus,  aa  expected,  the  variation  of  the 
proportion  cf  lanoaterol  in  the  dielectric,  caused  only  small  c\:jusea  in  the 
capacitance  loss  at  -55®Cf  but  produced  considerable  variations  of  this  property 
at  high  temr  eratures. 


The  most  desirable  effect  of  the  application  of  lanostcrol  as  a capacitor 
irpregnont  wac  an  increase  in  capacitance.  This  was  a result  of  the  high  dielec- 
tric constarit  of  lanosterol.  Table  18  offers  a conparison  of  the  sizes  of  lanos- 
terol  capacitors  with  capacitors  utilizing  standard  iirpregnants.  The  corpariscns 
were  mads  in  terms  of  capacitance  per  \mit  vol’jme  of  the  assembled  unit  (micro- 
farads per  cubic  inch. 

The  20c  volt  lanosterol  lnpregnated  metallized  paper  capacitor  “odilbited 
the  greatest  capacitance  per  imit  volume.  Of  course,  one  of  the  advantages  of 
r.etallizecl  psper  construction  over  paper-foil  construction  is  a sizeable  increase 
in  capacitance,  (eepocielly  for  200  volt  units).  A further  size  reduction  cf  25 
to  oOt  resultod  from  the  use  of  lanosterol  instead  of  the  stsndrr-'.l  mineral  vrcc 


impregnant  in  metallized  pap>er  capacitors. 

The  size  reductiem  of  600  volt  lanosterol  paper-foil  capacitors  over 


-25- 


those  utilizing  Vltsadn  Q varied  from  C%  for  very  lov  capaoitles  to  80%  for  cap- 
acities over  0«5  silorofarads* 

The  size  of  lanosterol  ol^>aeltar8  vas  greater  than  that  of  Halowax  cap- 
acitors. Halovaz  has  a fairly  high  dielectric  constant*  Furthermore,  standard 
200  volt  Halowax  paper-foil  capacitors  utilize  less  paper  (0,5  nils)  than  do 
Isncstcrcl  capacitors,  ThuS;  It  is  aotvially  disadvantageous  to  replace  the  Hal- 
owinc  iapregnant  with  lanosterol  \dien  a low  voltage  paper-foil  capacitor  Is  de- 
sired for  no  higher  than  85°C  operation. 


CORSECTION  TO 
FIKAL  REPORT 

Contract  Ho.  — 36-039-sc-42485 

PLEISB  DELETE  THE  TWO  PARAGRAPHS  ON  PAGE  26  AND  INSERT  THE  FOLLOWING: 

"those  utilizing  Vitamin  Q ranged  from  TO  - 75%»  Lanosterol  capacitors  were  20^ 
smaller  than  Halowax  capacitors." 
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SPRAGTHi:  ELECTRIC  CCMPALIY 
NORTH  ADAMS,  MASSACHUSETTS 
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SFCTICW  VIII  - SAMPIi:  CAPACTTCRS 

All  sample  eapaoltors  were  "InduetiveX/"  wound.  They  were  encased  in 
metal  cans  hermetically  sealed  with  glass-kovar  end  seals.  The  remaining  design 
data  is  listed  below  for  the  nine  types  of  samples  produced. 


ii^foil  Capacitors 


/ 

\^t 

\->  t 

r t ' 

(5) 

No.  of  Samples 

25 

25 

25 

25 

12 

Designation 

S74021 

S74020 

S74023 

S74022 

380580 

V oltage 

200  VDC 

600  VDC 

200  VDC 

■'.00  VDC 

600  VX 

Capacity 

2.8  mfd 

1.4  mfd 

0.016  mfd 

.0068  mfd 

1.0  nfd 

Impregnant 
Kraft  Papers 

3X 

’ C onuMrclAX 
lanoeterol 

Width 

1 15/16" 

1 15/16" 

9/16" 

9/16" 

2 3/16 

Thic’-mess 

3x0,00020" 

3x0.00030" 

3x0.00020" 

3x0.00030" 

3x0.00030" 

Al.  Foil 

Width 

1 11/16" 

1 11/16" 

7/16" 

9/16" 

1 11/16" 

■thickness 

0.00025" 

0.00025" 

0.00025" 

0.00025" 

0.00025" 

Margin 

1/8" 

1/8" 

1/16" 

1/8" 

1/8" 

Mandrel 

1/8" 

1/8" 

5/64" 

5/64" 

1/8" 

Turns 

215 

160 

22  1/2 

17  1/2 

123 

E.  L.  F. 

332" 

247" 

8 1/2" 

6 1/2" 

158 

Can  Si7-c 

Diameter 

1.000" 

1.000" 

0.255" 

0,253" 

0.750" 

T.ength 

2 1/16" 

2 1/16" 

11/16" 

11/16" 

2 7/16" 

Wire 

no 

no 

#22 

#22 

#20 

Al.  Contaete 

.0015x3/16" 

.0015x3/16" 

.00X5x3/32" 

.0015x3/32" 

.0015x3/16 
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B.  Metallised  Paper  Canaoitors 

(6) 

(7) 

(8) 

(9) 

No.  of  Sanplas 

25 

25 

25 

25 

Designation 

S 76277 

S76279 

376280 

376278 

Voltage 

?0('  VDC 

200  ITX: 

200  VDC 

200  VDC 

Cnpacit/ 

12.6  rafd 

0.093  mfd 

13.0 

0.094  safd 

Iraprognanx' 

Purified 

lanoateroi 

90^  Purified  ;.:irosterol 

10,5  Gnstor 

Oil 

Met'd  P'1  per 

Width. 

1 3/4" 

3/8" 

1 3/4" 

3/9" 

Thickness 

0.00035 

0.00035 

0.00035 

0.00035 

Margin 

lA6" 

1/16" 

1/16" 

1/16" 

Mandrel 

1/8" 

0.04" 

1/8" 

0.04" 

Turns 

560 

115 

560 

115 

E.  L.  F. 

908" 

43  1/2" 

908" 

43  1/2" 

Can  Size 

Dianwter 

1.000" 

0.235" 

1.000" 

0.235" 

Length 

2 1/16" 

llAfe" 

2 1/16" 

11/16 

Wire 

#20 

#22 

#20 

#22 
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COICLDSION 


The  main  advantage  In  the  uae  of  lanoateroi  as  a capacitor  inQ>regnast 
waa  one  of  siae.  lAnosterol  impregnated  capacitors  were  smaller  ly  2056  to  5056 
than  capacitors  utilizing  standard  Impregnants.  The  perfomtance  of  lanosterol 

for  85 *C  operation. 

The  capa  J tors  Impregnated  with  lanoateroi  were  capable  of  meeting  the 
lequirementa  of  MIL-C-25.  Characteriatic  "F".  The  three  impregnants  used  were 
commercial  lanoateroi.  purified  lanoateroi.  and  the  mixture  of  9O56  purified 
lanosterol  plus  IO56  castor  oil.  Both  paper-foil  and  metallized  paper  eapacitpra 
were  manufactured.  The  tjpe  capacitor  and/or  impregnant  most  desirable  for 
various  electrical  properties  is  listed  below. 

a.  Insulation  resistance  vs.  temperature— purified  lanosterol  Im- 
pregnant . 

b.  Dissipation  factor  vs.  tomperatui'e — purified  lanosterol  impregnant. 

c.  Capacitance  change  vs.  temperature — 200  volt  metaQlized  paper 
capacitor  containing  purified  lanosterol. 

d.  Life — all  corabinations  were  satisfactory. 

e.  Dielectric  strength — all  corabinations  i^re  satisfactory. 

f.  Capacitance  stability  (capacitors  under  stress  at  room  temperature )- 
the  200  volt  metallized  paper  capacitor  containing  the  purified 
lanosterol-castor  oil  mixture. 

g.  Capacitance  per  unit  volume — the  200  volt  metallized  peper  capacitor 
containing  the  purified  lanosterol-castor  oil  mixture. 


From  an  overall  stcndpoint  the  most  depirai-'l*;  capacitor  was  a 200  volt 
metallized  paper  xciit  impregnated  vith  the  piirifiocl  Irxosterol-cr.stor  oil  mixture. 
This  unit  coupled  the  advantages  normally  attributed  to  metalli::ed  paper  capaci- 
tors with  those  of  size  and  capacitance  stability,  i^ropertios  of  the  particular 
impregnant . 


A 1/  tixis  t.iuie  ^oecember , 1^>3)  Icuiostorol  is  not  beings  produced  coxi^ 


mercially.  Future  availability,  an  economic  consideration,  is  at  present  im- 
oortain. 
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APPENDIX 


Mr*  diwwMia' 


icm9m 


HEADQUARTERS 


SIGNAL  CORPS  EUGIKEERING  LABORATORIES 
Fort  Monmouth,  New  Jersey 


SIGEL"^MB“^p 
COl-C  :;pac  it  or  3 

Contract  No.  DA-36-039-3c-4?-485 


■ Director 

Squiej-  Signal  Laborexory,  5CEL 
Fort  Mon/iioulh,  Lev/  Jersey 


Sprague  Electric  Company 
North  Adams, 

Massachusetts 

— ^ Attciiticn:  Nlr,  G.  Ceeiy,  Assistant  to  the  President 

Gentlemen: 

This  will  achno\dedge  your  letter  dated  17  October  1952  rencrding 
Signal  Corps  Contract  No,  DA-3<^i39-sc-424S5. 

A revievr  of  the  First  Quarterly  Report  has  been  made,  and  it  is  recom- 
mended tliot  the  second  phase  of  this  development  be  started  as  soon  as  possible. 
In  collection  with  this  second  pJiese,  it  is  suggested  that  paper  capacitors, 
both  foil  and  metallized,  be  inpregnated  rvlth  Botany  Mills  lanosterol  processed 
ty  the  latest  methods.  It  is  furtl»er  suggested  that  the  material  be  heated  in 
vacuum  and  h.eld  under  vacuum  prior  to  the  impregnation  of  the  capacitors.  It  is 
believed  one  of  the  difficulties  in  obta,ining  the  higher  dielectric  constant  is 
due  to  heating  of  lanosterol  in  air. 

The  Teciuilcal  Requirements  as  written  required  tliat  the  capacitors 
meet  Characteristic  "E"  of  JAlJ-C-25.  Based  on  results  reported  in  the  First 
Quarterly  Report,  tlie  Technical  Requirements  are  being  changed  to  require  that 
you  meet  Characteristic  ,”F"  of  JAlI-C-25  \/ith  the  exception  of  the  dissipation 
factor;  7$  is  satisfactory’-  for  this  value.  This  change  docs  not  reqiiire  a nod- 
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ification  of  the  Contreu:t  since  it  is  of  a technical  nature. 

This  change  is  found  to  be  adventageoua  and  in  the  best  lnter86tvoC.itte 
Govemoent  and  is  approved  and  authorized;  provided,  there  will  be  (1)  no  delay 
in  delivery  resulting  therefrom,  and  (2)  no  Inoreaae  in  total  contract  amount 
becc.u50  oi*  Such  change,  rrlor  to  taking  any  action  under  thi«  authorization, 
you  are  required  to  acknowledge  receipt  and  ccoeptauoe  of  this  letter  by  signing 
the  extra  copy  enclosed  herewith  and  returning  it  tc  this  office  for  forwarding 
to  the  Contracting  Officer. 

Very  truly  yours, 

Vlrxsent  j.  Kublln 
Contracting  Officer's 
Technical  Representative 
Squler  Signal  Laboratory 

Date_, 


Peoelpt  and  acceptance  of  the  above  letter  are  hereby  acknowledged. 
The  change  authorit^fi  therein  will  not  taault  in  any  delay  in  delivery  and  will 
not  be  used  as  a basis  for  a claim  for  any  Increase  in  price  of  the  equipment 
or  service  Involved. 


SPRAGIE  ELECTRIC  CCMPAKY 
Contraotor 


£_o_£^I 


BOTm  MILKS,  me. 

Cheriical  Products  Division 
Passaic,  New  Jersey 


April  15,  1953 


Spra£ue  Electric  eomnany 
North  Adams,  Massachusetts 

Attention:  Mr.  Earl  Peters 

Research  and  Engineering  Dept. 

Dear  Mr.  Peters: 

We  regret  to  advise  that  generally-depressed  business  conditions  in  our  indnstrj'- 
have  made  it  necessary  to  arrive  at  a decision  to  close  down  (for  the  time  being 
at  least)  some  of  our  Chemical  By-Product  activities. 

Accordingly,  and  unfortunately,  after  this  date,  we  will  no  longer  be  able  to 
sxipply  a number  of  the  lanolin  and  Peratin  derivatives  >diich  we  have  until  now 
been  making  available  on  a small  scale. 

Included  among  these  is  our  "Botalan  Base  138”  - Lanosterol. 

Should  business  conditions  Improve  - or  should  outside  financial  assistance  via 
government  research  and  development  contracts  - or  in  some  other  fashion  - be- 
come available,  we  will  give  o\ir  most  earnest  consideration  to  the  possible 
resumption  of  these  activities. 

We  greatly  appreciate  the  interest  which  you  have  displaj'od  and  deeply  regret 
the  necessity  of  this  action. 


Yours  very  truly, 


BOTANY  MILIS,  INC. 


F.  R.  Haigh 

Chemical  Products  Division 
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BOTANY  MILLS,  Inc, 


CHEMICAL  PRODUCTS  DEPARTMENT 

PASSAIC,  N.  J. 


BOTALAN  BASE  No.  138 

(Lonotteroi) 


OUTLINE: 

BOTALAN  BASE  #138  (Lanosterol)  is  a unique  chemical  whose  properties  and  applications 
until  recently  have  been  largely  unexplored  due  prirKipolly  to  the  lack  of  any  production  in  quantity. 
Not  a mixture,  but  a sirtgle  chemical  compound,  pure  lonosterol  is  obtained  in  the  form  of  white 
crystals,  havir>g  a melting  point  of  140*  - 142*C.  The  crystals  melt  on  the  application  of  heot,  ond 
when  cooled  ogoln  yield  a hord,  solid,  resin-like,  semi-transparent,  light  amber  colored  moterial. 
The  grade  described  In  this  brochure  is  essentially  the  obove  substonc?  "contominoted"  with  small 
amounts  of  Cholesterol  and  Aliphatic  Lanolin  Alcohols*,  and  hos  o melting  point  of  138"C. 

Uses  visualized  include  those  of  a hard  wax  or  resin.  It  is  felt  that  lanosterol  will  be  copable 
o*  replacing  many  waxes,  rosin,  notural  resins,  etc.  in  mony  applications — including  /arnish  making 
rtaterials,  insulating  materials,  in  waxes  and  polishes,  as  a plastic  and  in  plastics.  Cosmetic  and 
pharmaceutical  uses  visualized  would  include  the  improving  of  emulsions,  and  imparting  hardness 
and  increased  viscosity  to  formulations. 

AVAILABILITY: 

BOTALAN  BASE  #138  (Lanosterol)  is  now  avoilable  in  pilot  plant  quontities  for  experimenta- 
tion and  evaluation.  Commercial  production  will  be  undertaken  with  sufficient  industrial  acceptance. 


* Separate  Data  Sheet  available. 
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80TALAN  BASE  No.  138 

(Lanosterol) 


liECHNICAL  DATA 

DESCRIPTION: 

Soft,  granular,  free-tlowing,  non-greasy,  white,  odorl«s?  mote''ia! — stable  in  storage  (not  sub- 
ject to  rancidity,  etc.) — commonly  handled  in  multi-wall  paper  bogs  or  fiber  drums. 

DERIVATION: 

From  lanolin,  by  hydrolysis  and  isolation  (occurs  nowhere  else  in  nature) 

COMPOSITION: 

Approximately  95%  (or  better)  Lanosterol,  molecular  weight  426 — "contami- 

nants" being  small  %s  of  Cholesterol  and  Aliphatic  Lanolin  Alcohols.*  (Agnosterol,  CjoH,^l70H 
molecular  weight  424,  may  sometimes  be  present  in  very  small  amount  ) The  completely  pure 
product  (snow  white,  but  otherwise  essentially  the  same  in  major  chemical  and  physical  properties) 
Is  also  available. 

Lanosterol  is  a triterpene  alcohol  derivative  closely  related  to  the  omyrins  (occurring  in  rubber 
latex)  it  iS  o'so  related  to  the  sterols  through  its  parent  compound,  Phenonthrene.  In  fact, 
lanosterol  was  originally  thought  to  be  a sterol.  The  material  contains  one  reactive  and  one 
inert  double  bond. 

PROPERTIES: 

Melting  Point — 138°C  (completely  pure  product  140°  - )42°C). 

(On  cooling,  the  melted  material  does  not  return  to  its  original  physical  state.  A very  hard, 
brittle,  resin-like,  semi-transparent,  light  amber  colored  product  is  obtained.  Some  polymerization 
and  resinification  can  be  made  to  occur — the  extent  being  (control lobly)  determined  by  time  of 
heot  and  other  factors.  By  dissolving  in  hot  acetone  solution  and  cooling,  the  crystalline  form  may 


be  re-produced.) 

Boiling  Point  (0.4  mm.)  240°C  (undecomposed). 

Iodine  Value  56  (Wijz)  170.5  (Dams). 
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BOTALAN  BASE  No.  138 

(Lanottarol) 


DATA 

PROPEimEB  (CMrtiniMd ) 

Solubiliti«s: 

Water  insoluble. 

Methyl  Alcohol  Very  Slightly  Soluble. 

Ethyl  Alcohol  Very  Slightly  Soluble. 

Alip.  ntic  Hydrocorborw  (viz.  petroleum  ether)  Very  Slightly  Soluble. 

Aromatic  Hydrocarbons  (viz.  benzol,  toluol,  xylol)  Freely  Soluble  Hot 

Slightly  Soluble  Cold 

Chicrinoted  Hydrocarbons  (viz.  ethylene  dichloride,  chloroform) Freely  Soluble. 

Ketones  (vix.  ocetorw)  Freely  Soluble  Hot 

Slightly  Soluble  Cold. 

Esters  (vIx.  ethyl  acetate)  Freely  Soluble  Hot 

Slightly  Soluble  Cold. 

BOTALAN  BASE  #138  is  o good  emulsion-producing  ogent  in  its  own  right — generally  yielding 
woter-ln-oil  emulsions.  It  mixes  readily  ond  is  compatible  with  most  oils,  fots,  woxes  (including 
mineral  oils,  poroffin  wax,  other  petroleum  products),  surface  octive  ogents,  etc.  When  blended 
into  on  established  emulsion  formulo  it  frequently  contributes  to  the  stability  of  the  emulsion 

ELKTtlCAL  PtOriRTIIS: 

Dielectric  constant— about  12.  Wide  temperature  ronges  hove  little  effect.  Low  leakage 
foctor.  Mixture  with  15%  Costor  Oil  suggested  for  impregnoting  paper  for  copacitors. 

SUGGESTED  USES 

For  production  of  wox  compositions  by  melting  with  moteriols  such  os  Japan  Wax,  Steoric 
Acid,  Ozokerite,  Hydrofol  Glycerides,  .'osin,  other  resins,  etc.  Resuitont  p.'oduct  may  be 
softened  with  higher  boiling  petroleum  solvents— or  emulsified  with  woter  for  "no-rub"  type 
compoeitiortt. 

For  electrical  purposes — in  insulating  campounds,  copacitors,  batteries,  transformers,  etc. 

For  tablet  coating. 

In  surfoce  cootirsgs — paints,  varnishes,  locquers,  etc. 

In  mold  sirippirtg. 

in  cesmsttw  und  phormoceuticoi  formuiotions. 
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6T£/>X. 


ST£P 


5-6*6 


T-Z 


fitt%anc/ 


Srep  3. 


r-z 


SymBoJiS 

T~L..2St  oa/  ^teet  TAhK 
T‘X..JS0  ^lass-liineJ  -iank 
C ... 

f...  Ftitep  Press 


Figure  / 

Pilot  Fiamt  Ft^ocess 
FOR 

Lanhstfrql  Pur/fication 


tm 


»j  jir?t 

sSTff, 

Wb^ 

uBk 

>mi^k 

Sjil 

wfiy^A 

KT 

iw^S 

S^S 

TABLE  I 

Specific  Gravity  of  Coinmercial  Lanosterol 


Temperature 


Specific  Gravity 
(t/2Qo  ) 


1»g33 

1.018 


50 


0.992 

0.998 


80 


0.963 


150 


0.934 


TABLE  2 

Viscosity  of  Cossscrcial  Lanosterol 


Temperattire 
in  PC 

142 

148 

155 

164 

168 

178 

183 


Viscosity  in 
centipoises 

59 

34 

22 

16 

15 

12 

11 
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imo 

Aiialytical  Data 


1.  Saponification  mmber  (mg  KOH  jjer  gram  material) 

a.  ccmercial  lanosterol:  3.9,  i>.l,  6.1,  7.4 

b,  pin-ified  lar.osteroli  2.9,  3.i>,  3.6 

2.  Total  eu3id  number 

a.  commercial  lanoaterol:  2.0,  2.1,  2.1 

b.  piirified  lanosterol:  0.24,  6.24,  0.25 

3.  Ash  content  of  commercial  lanosterol 


Saffipje  L-1;  0.20SS 

L-2:  0.245? 

L-3:  0.22^ 


4.  Analysis  of  wa+er  extract  of  commercial  lanosterol 
a.  first  2 hovn:  extract; 

chloride:  2.5  ppm 

calci’m  and  sulphate:  traces 

t.  second  2 hour  ecrtract; 

chloride:  1.2  ppm 

calcium  end  sulphate:  traces 
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TABLE  L 

Electrical  Properties  of  Lanosterol 
Purified  ly  Variouc  Methods 


it,  CoKTiiercial 

b.  Lanosteroj. 

c.  Lanosterol 

d.  Lanosterol 

e . Lanosterol 

f.  Lanosterol 
L.3nosterol 

h.  Lanosterol 

i.  Lanosterol 


lr.no  sterol. 

washed  \d.th  water. 

recrystallized  (retrol  adsorbent) . 

water  washed,  recrystallized  (retrol  adsorbent). 

water  washed,  recrystallized  3X  . (retrol  adsorbent), 

adsorptively  filtered  viiii  retrol. 

adsorptively  filtered  3X  with  retrol. 

adsorptively  filtered  with  Fuller's  Earth. 

adsorptively  filtered  3X  with  Puller's  Earth. 


T>- ir-porature:  150°C 


Di-electric  Conr,'*:. 
at  lOOC  cycles 

fi  Diss.  Factor 
at  1000  cycles 

Resistivity  in 
ohiir-CHi  at  180  VDC 

a. 

3.1 

U 

3.1  X 

b. 

2.99 

G.2 

5.5  X lo'^ 

c . 

3.02 

2.6 

16  X KV 

d. 

2.35 

2.0 

25  X lo'-' 

ft . 

2.79 

0.49 

123  X 1C ' 

f. 

o 

c 

• 

( 

4.2 

27  X 10*^ 

g* 

2.6 

0.75 

101  X IC'^ 

. 

3.05 

5.5 

6.3  X IC"^' 

i. . 

3.00 

2.4 

19  X 10' 
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Laboratory  va.  > lara.  furificp-tion 

Lacosterol:  washed  with  water,  recrystallized  In  the  presence  of  10^  retrol. 

a.  Laboratory  purifleatlon 

b.  Pilot  plant  purification 


Temperature;  150°C 


Dl-elec*  Const. 

% Dies.  Factor 

Resistivity  in 

at  1000  cycles 

at  1CXX3  cycles 

chm-cm  at  180  VDC 

a. 

2.  as 

2.1 

24,7  X 109 

a. 

2.85 

2.0 

24.5  X 109 

b. 

2.78 

3.0 

25.0  X 10^ 

b. 

2.82 

3.2 

24.0  X 10° 
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TABLE  6 


CoBparison  of  Various  SasgpleB  of  Lasooterol 
1^1 t one  pound  aaigple  received  in  early  July  1952 
L-2i  20  pounds  reoeived  in  late  July  1952 
L-3i  20  pounds  roselvod  in  Ssptssbcr  1952 
L-4t  lanoaterol  reoeived  from  Botany  MiUe  in  1951 
L-5t  140  pounds  received  in  March  1953 


Coamsroial 

Teiflp. 

In  oC 

L-1 

154 

L-2 

153 

L-3 

150 

^-4 

152 

Resistivity  in 


5.9  X 109 
3.1  X 109 
7.3  X 10^ 


L-5 

150 

3.1 

1^2 

150 

2.8 

L-3 

150 

2.8 

L-4 

150 

2.7 

1^5 

150 

2.3 

1.5  X 109  30 

36  X 10^  1.5 

25  X 10*^  2.C 

80  X 10^  0,74 

25  X 10^  3.0 
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TABLE  7 


The  Slow  Cooliag  Effect 

Total  cooling  time:  153.5  hours 

a,  comawrclal  lanosterol 

b,  lanosterol  purified  by  recirystBllization 

c,  lanosterol  purified  by  repetitive  (3X)  adsorptive  filtration 


Teaperatiirj 


LOOP  cycles 


Sj- 

b. 

.4L*_ 

135 

3.11 

3.65 

2.67 

125 

4.18 

5.19 

3.02 

110 

4.01 

6.04 

3.U 

80 

4.18 

6.88 

4.12 

40 

4.33 

4.85 

8.70 
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TARTJg  8 

Eleotrioal  PropertleB  vs.  Temperature 
of 

Paper~I’oll  Capacitors 
IspregnMitat  DL  — consasrcial  lanosterol 
L - purified  leno^tercl 
C - 90^  purified  lanosterol 
10^  castor  oil 


2SOC  55°C  850c  lO^OC  125°C 


UL 

7,000 

1,050 

44 

4.2 

1 

L 

21,500 

o /w> 

230 

22 

O 

C 

2,500 

500 

49 

6 

1.6 

< Dissipation  Factor  (1000  cycles) 

UL 

0.76 

0.75 

0.82 

0.68 

1.17 

L 

0.71 

0.64 

0.68 

0.64 

0.70 

C 

0.95 

0.82 

o,8o 

i.o6 

2.2 

% Capacitance  Change 

UL 

0 

-1.6 

-4-9 

-8.4 

-12 

L 

0 

••2.4 

—6.4 

-9.8 

-14 

C 

0 

-2,3 

-7.8 

-13 

-20 
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Life  Test  Results  of  paper  Capncitors 
Inporegnantt  eoasneroial  Isnosterol  Tea^ratura: 

Piqperst  3 X 0,CXX)30  Krsft  Test  Voltage  s 840  VDC 

RatlBgt  1 Bifd,  600  Volts  Test  Duration:  250  Hours 


Before  Test 


Capacity 

Ins.Res* 

Dlss.Fact. 

Capacity 

Ins.Res. 

Dies. Fact. 

Life 

(nfd  at  60*'*) 

(aog^) 

fnfd  at  60-^) 

(acg^) 

(hours ^ 

.94 

10,000 

0.556 

.79 

10, OCX) 

0.556 

250 

.93 

m 

« 

.78 

n 

ft 

250 

.94 

m 

.79 

It 

ft 

250 

.96 

ts 

it 

^hort 

51 

..96 

a 

.81 

io,oco 

0.556 

250 

.95 

■ 

■r 

.80 

ft 

ft 

ft 

.93 

« 

II 

.79 

ft 

ft 

t 

.94 

a 

n 

,7S 

ft 

ft 

n 

.93 

II 

« 

.79 

ft 

ft 

If 

.97 

M 

ft 

.81 

ft 

ft 

ft 

.94 

m 

n 

.79 

ft 

V 

If 
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Life  Test  Results  of 


Iiqjregnast:  purified  lenosterol 

Papers:  3 x 0.00C20  Kraft 

Rating:  1 nfdy  2C0  Volts 


i 


n 


tabu:  n 

Optimum  Sparking  Potential 
of 

Metallized  Paper  C^acitors 


Tamper ature:  25°C  Average  of  Six  Readings 

Taken  at  lOCX)  'V 

M C-2 lUcL_ 


Voltage 
(volts. D.C.) 

Capacity 

(^dl 

0.858 

Dlss.Fact. 

(%) 

Ins. Res. 
(Mee  X mfd) 

Capacity 

iKfcO 

Biss. Fact. 

Ins. Res. 
(jneK  X mfd^ 

200 

0.91 

1900 

1.03 

0.87 

4100 

300 

.856 

.39 

2100 

1.03 

.87 

400 

.857 

.90 

2000 

1.03 

.37 

6900 

500 

.857 

.89 

2200 

1.03 

.94 

66a; 

600 

.856 

.90 

2000 

1.03 

.92 

6100 

700 

.853 

.90 

26010 

1.03 

.87 

5400 

800 

.346 

1.01 

2900 

1.02 

.35 

5100 

vex* 

.758 

i.34 

170 

1 .02 

1.04 

3400 

1000 

l.OO 

i.VO 

150<* 

IA.BPJ,Li.eo]BtJ 


h 0.-Z9  Hici 


Voltage 
(volte  D.C.) 

Uapaclty 

(nfd) 

Dise.Fact. 

m 

Ins .Res. 
(neit"«-x  nfd) 

Capaoit7 

(wfd) 

Dlss.Fact. 

(^) 

Ins. Res. 
(mee.«-x  mfd^ 

600 

0.950 

0.82 

2800 

0.948 

0.73 

6800 

700 

Q4;n 

• ✓ ✓ w 

oo 

/A  * rt 

.7.1.C 

.69 

ubuu 

800 

.950 

.86 

3600 

.948 

,68 

6600 

900 

.950 

.82 

3000 

.948 

.68 

5900 

1000 

.950 

.83L 

2900 

.947 

.72 

8200 

1100 

.950 

.82 

4100 

.947 

.71 

7800 

1200 

.950 

.86 

4200 

.947 

.71 

7800 

1300 

.950 

.85 

3400 

.947 

.71 

7200 

1400 

.950 

.81 

2400 

.946 

.71 

6800 

1500 

.950 

.80 

2500 

.946 

.70 

7100 

1600 

.941 

.82 

2100 

.946 

.69 

6800 

1700 

.934 

.95 

?.60<> 

.^46 

.70 

7200 

1800 

.903 

2.8 

1400 

.945 

.70 

6800 

1900 

.944 

.72 

5400 

2000 

.939 

.73 

4600 

2100 

.933 

.75 

5300 

2200 

.872 

.91 

2600 

-54" 


ToiqfKtratur*  Charaot*rlatlcs  of  Matallized  Paper  Capacitors 
(iTsraga  Values) 

% D.F.t  % dissipation  factor  at  1000  oyelas 

JK  4 Ct  % dhaoga  In  capacitance  tram  room  tenperature  value 

I.R.it  InsxilatloD  resistance  In  megohms  x mlorofarads 


Temp. 

SAxi 

ificZa 

Llk 

-51°C 

3.22 

11.6 

3.27 

12.4 

-40 

2.62 

8.6 

2.51 

8.8 

-25 

2.12 

6.2 

1.98 

6.4 

-10 

1.56 

3.2 

1.34 

3.0 

+5 

1.38 

1.4 

1.06 

1.2 

+25 

0.99 

0 

7500 

0.96 

0 

8600 

+55 

O.SO 

0.2 

U50 

0.72 

1.25 

2000 

+85 

0.71 

1.4 

77 

0.70 

4.0 

165 

4IO5 

0.66 

2.8 

15 

0.63 

6.6 

15 

+125 

1.24 

3.8 

2.8 

1.12 

9.1 

2.5 
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Tim.g  1.2 


KC^ iUizk 


Tpyp. 

^D.F. 

liZi. 

-51®C 

3.15 

U.4 

^.16 

u.4 

s /> 

— «fV 

2.46 

10.9 

2.47 

10.9 

-25 

2.07 

8.5 

1,98 

8.3 

-10 

1.55 

4.5 

1.41 

4.4 

+5 

1.32 

2.0 

1.15 

2.0 

425 

1.06 

0 

2700 

0.93 

0 

410c 

455 

0.86 

0.8 

600 

0.74 

0.8 

770 

485 

0.74 

3.4 

58 

0,67 

3.2 

69 

4IO5 

1.11 

5.8 

7 

0.89 

5.4 

11 

4I25 

2.77 

7.7 

1.9 

1.99 

7.6 

2.C 
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Life  Test  Results  of 

Lanosterol  In^iregnated  Metallized  Paper  Capacitors  (Average  Values) 


Capacitance  measured  at  60  cycles. 


Resistance  measiured  at  180  VDG  for  2 min. 
at  room  teoperature 


Capacity 

M^L- 


Ins.  Res. 


ISSEii. 


Capacity 


Ins. Res, 


(ML-2) 

.550c 

.97 

425 

c91 

+85 

1.07 

4I25 

.90 

425®C 

.90 

+85 

.92 

(ML-6) 

9,700 

-550c 

9,100 

425 

11,000 

9,000 

+85 

-550c 

3,100 

+25 

5,100 

+85 

1.01 

10,000 

.92 

9,200 

.98 

9,800 

.93 

7,300 

.95 

5,900 

.93 

6,500 

Ccpaclty 

Ins.  Res. 

Capacity 

Res. 

Percent 

Ave.  No. 

Temp. 

Failures 

Counts. 

-55°C 

.98 

8,200 

+1% 

-34$ 

Ofi 

425 

.84 

7,100 

-8 

-22 

0 

485 

1.03 

7,400 

-4 

-33 

0 

+125 

.91 

8,600 

4I 

-5 

8 

425®C 

j88 

5,300 

—2^ 

471^ 

Of, 

+85 

’^'.92 

2,600 

0 

-50 

0 

1.9 

-55^0 

• yy 

9,900 

-1^ 

+25 

.79 

7,900 

-u 

-U 

0 

+85 

.98 

9,300 

0 

0 

0 

0.8 

-550c 

.93 

5,100 

Of 

-30^ 

Of 

+25 

.92 

8,500 

-3 

444 

0 

+85 

.94 

2,200 

+1 

—66 

0 

3.1 
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TABLE  U 


Sparking  Characteri8td.cs  of  Metallized  Paper  Capacitors 
Capacity*  infd  at  60  cyclea 

% D.F.t  Percent  dissipation  factor  at  60  cycles 
Ins.  Res.  (I.R.);  megohms  after  2 minutes  at  180  VDC 


Lm ML-2  Sparked  at  JLOO  VEC.  - no  resistor 

OttO [2^ T5Qx^ 


S££x 

ID.F. 

I.  R. 

Cap. 

ID.F. 

Cap. 

tP.F. 

Cap. 

SSD.F. 

0.92 

0.6$ 

iloa) 

0.90 

C.70 

0.90 

0.70 

0.90 

0.70 

.68 

.70 

9000 

.88 

.75 

.88 

.65 

.88 

.70 

.91 

.70 

15000 

.91 

.70 

.91 

.70 

.91 

.70 

.90 

.70 

10000 

.90 

1.2 

.90 

1.2 

.90 

1.6 

.87 

.72 

9000 

.86 

.70 

.85 

.65 

.85 

.70 

£S2!a 

ID.F. 

I.  R. 

0.91 

0.65 

14000 

.88 

.75 

11000 

.91 

.65 

16000 

Atsmt 

.85 

Am  * 

.85 

12000 
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filB* 

1m.2m 

lAJL 

Saa*^ 

lD.r. 

&«£•. 

0,>37 

0.65 

11000 

0s8? 

n.K« 

— • 

A Off 

n r»/% 

ve  jv 

v*oo 

0.65 

.87 

.70 

12000 

.87 

*65 

.87 

.80 

.87 

.70 

if\ 

to 

• 

*W\ 

• fV 

13000 

.85 

.65 

.85 

.70 

.85 

.65 

.50 

.65 

12000 

.89 

.70 

.90 

.75 

.89 

.65 

.87 

.60 

12000 

.87 

.65 

.87 

.70 

.86 

.65 

OOQxi 

Can. 

HUZm. 

IxJa 

0.87 

0.70 

10000 

.87 

.70 

14000 

to 

• 

.72 

11000 

.89 

,70 

11000 

.86 

.70 

14000 
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£SCj, 

Cap. 

^D.F. 

g.ap« 

Cap. 

0i90 

o.so 

•7  Ann 

( WWW 

nr\ 

V/#  7W 

rt/r 

/N 

0,35 

0,90 

0.85 

CKi 
• uo 

r\r\ 

.TV 

6000 

•S7 

.85 

.0/ 

.35 

• o7 

.85 

.89 

.90 

2600 

.89 

.85 

.89 

.90 

CX' 

# W / 

.85 

.85 

.80 

7000 

.85 

.75 

.85 

.80 

•85 

.80 

,u.ttagy) 


CftPt 

^Ptf. 

I.  R. 

0.90 

0.80 

3700 

.87 

.85 

3700 

.88 

.90 

3400 

.85 

.95 

50CO 

i 


!€D.F. 

3g-£* 

Cat). 

^D.F. 

ilSSjL 

gs-Pi 

^£>£« 

0.88 

0.35 

6000 

0.88 

0.80 

U#00 

0.90 

0.8-3 

0.85 

.91 

.35 

7000 

QT 
• ✓-*. 

.30 

.91 

• 

m 

• y 

.85 

.90 

.35 

2100 

.90 

.30 

.O'" 

.35 

.90 

.SO 

.90 

.35 

6000 

.90 

.35 

.90 

.30 

.90 

On 

.35 

7000 

.35 

.80 

.35 

• oO 

(lOOx) 


gPE.t 

^D.F. 

7«. 

0.S8 

0.3,2 

5000 

.91 

.85 

5000 

.90 

• C*1 

o 

o 

.90 

.30 

5000 

fJn 

.85 

5000 

-61- 


iiiteiUiaHih 


TAWJ-.  T«i 

Variation  in  Capacitance  of  Copecitorr 
Conditions;  I.40  x rated  volto*;e  applied  at  rc<rr  temper  tier  for  TSC  ours. 


S.9BgtrMffU9B 

Iianreaaaat 

Paper-foil 

purified  laaosterol 

zee  :i/^ 

Paper-foil 

purified  lanostarol 

6OC  Yi>l 

Paper-foil 

cormarclel  lanosLerul 

c-oc  vx 

♦ r •# 

Paper-foil 

9C^  purified  loi.oaterol 
4.  IC^  castor  oil 

;-:of  vr: 

■ 

Paoer-f  oil 

purified  ’’.anosterol 
4 ■'.f’f  cosher  c.;i 

6C9  Vi. 

Metallized  paper 

purified  lanostcrol 

20c  VDC 

- 

Metallised  papor 
and  Kraft  paper 

pull  fled  Isncsterol 

6CC  vx 

-iv. 

Metallised  paj'sr 

90,''  purified  a.rjao6terol 
4 IC^  castor  oil 

2 CO  Vic 

Ketallizod  paper 
and  Kraft  paper 

9Cn  purified  lono sterol 
4 icjl,  casxor  oil 

600  VDC 

O'. 

top^it.'.Mice;  >1  lOOC  C7cl63  for  voluca  bclc;:  1 nfd 

Diss,  ■.  : 

T ^ .'U'tf-r  Z ninutos  at  !2P0  VDC  

Ins.  Re;,j  v 


S:inple  Cftpccilors 
nieaaurod  at  60  cycles  for  values  alwc  1 rXd 


No. 


Oi, 


25 

25 

** 

•i-At 

25 

25 


25 


T 

•/  I2332. 

f 

InET^fiagfl^ 

YoitCi:u 

Mtijii_  C^’-n  Size 

* pai:or-f  oil 

purif.iod  Isnoo+^-rol 

2<X  Vfd  0,235"  X 11/16" 

Paior-fo.il 

ptirified  lanosterol 

6C0  VX  0.235"  X 11/16" 

T/urlCied  limc.rterol 

200  7D:  1,000  X 2 11/16" 

Paper- 'c 11 

p-..-ri  OJ  r U IfUiC*'!  -A  C:1 

6-OD  7DC  1..000  2 l/l6" 

Pr-jt-r-fcil 

c OOTiej.  c , lanosterol 

6TJD  7D:  0*750  x 2 ?/l6" 

pur  mod  lnnost..-rcl 

200  I’DC  0'.235"  X 11/916*' 

per 

90;$  purified  lexios. 
IQii  oast  or  oil 

2C-C  7D3  0,235"  X OlA^" 

H 

pirrified  lanosterol 

2fX)  VDC  1.000  X 2 lA6" 

90//  lanort. 

editor  oil 

2(X)  *vTC  1.000  X 2 1A6" 

Ottpaclt»r*<; 

'(nfd) 

e . Diss. 

Tns/  /.es. 
(r-ewims) 

0.016 

0.59'S 

> 105 

.0086 

0.59^ 

> 10^ 

\ 2,8 

" 0.55/ 

3100 

1.4 

0.55/ 

8000 

0.92 

0.71/ 

0000 

0.083 

0o92/ 

105 

0.084 

i.o;/ 

4CCCC  

12.6 

15.0 


•»  Vw^-T 

0c/;Kri 


900 

260 
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Life  Test  Data  of  Metallized 


Capacitors 


WM-XL 


TeD5)erature ; 4S5  " C 


SSEi. 

Li., 

C coats 

1.08 

0.60% 

lOfOO 

1.04 

C.60; 

9000 

0 

1.05 

n 

i.on 

;i 

7500 

1! 

1.05 

!l 

II 

1.02 

li 

4000 

1.06 

ft 

n 

1.03 

»i 

2000 

tt 

1.07 

;l 

II 

1.03 

9000 

II 

1.07 

It 

n 

1.04 

ft 

9000 

1.05 

II 

II 

1.0? 

II 

9000 

ft 

1.03 

rt 

rt 

0.9c 

II 

iooc 

If 

1.08 

« 

ft 

1.04 

It 

II 

1.05 

It 

II 

1,01 

i» 

900c 

II 

1.08 

ti 

ft 

l.Ot 

II 

> 

(1 

1.08 

It 

It 

1.05 

n 

It 

Tenpcraturet  12j°C 

Before  Teat 

Cap. 

WjZjl 

li‘ 

Cap. 

0.90 

0,6% 

10000 

0.92 

10000 

.87 

It 

n 

,90 

It 

It 

.90 

H 

II 

.91 

ti 

II 

.95 

H 

II 

.96 

II 

II 

.91 

n 

n 

.93 

II 

n 

.88 

It 

It 

.90 

n 

II 

.91 

n 

It 

.91 

II 

n 

.93 

If 

II 

.93 

II 

It 

.90 

II 

II 

.91 

It 

II 

.90 

H 

II 

.91 

tl 

II 

.90 

n 

it 

.90 

tt 

tt 

.90 

n 

It 

.91 

II 

220 

-65' 


ims.  11,  Jgjffit  j 


Impregnant;  purified  lanosterol  Rating;  1.0  mfd,  600  VDC 

Paper:  1 x 0.C0045  Kraft  Test  Voltage;  840  VDC 

1 X O.OOC135  Metallized 

Temperature ; -55°C 


Before  Test  


Cap. 

Cap. 

0.98 

0,5% 

10000 

0.98 

0.5^ 

10000 

1.01 

n 

ft 

1.01 

l» 

f! 

1.01 

It 

n 

1.01 

ft 

t9 

1.02 

n 

T! 

1.01 

1? 

It 

0.93 

n 

T! 

0.93 

h 

ft 

1.01 

n 

n 

1.01 

ft 

n 

0.95 

n 

M 

0.95 

If 

ti 

1.02 

n 

n 

1.02 

1! 

ti 

1.04 

n 

It 

1.03 

I* 

n 

1.02 

n 

« 

1.02 

•» 

It 

0.93 

n 

ft 

0.93 

n 

n 

Ten?»erature 

5 25°C 

Before  Test 

After  250  Hours 

L 

Cap. 

Ll-1^ 

1.00 

0.5^ 

10000 

0.84 

U.5/. 

10000 

0.99 

ft 

tl 

.84 

n 

11 

0.98 

n 

ft 

.84 

It 

p 

1.01 

n 

f* 

.87 

1* 

11 

0.97 

t? 

.34 

0.82 

w 

r, 

.71 

If 

•t 

0.85 

n 

K 

.73 

I* 

0.81 

n 

n 

.71 

•» 

O.S4 

n 

ff 

.73 

1* 

ir 

0.83 

n 

n 

.71 

i» 

11 

0.98 

It 

n 

.84 

p 

1* 

^66“ 


liSULLZ 


^•■peraturet  85^C 

atfga,I«g,t 


1.0 

0.5$ 

10000 

0,98 

n 

a 

0.94 

m 

V 

0.99 

N 

IV 

0.93 

« 

N 

0.98 

N 

N 

1.01 

N 

It 

0.99 

n 

H 

0,98 

ti 

VI 

0.99 

ft 

0.99 

f! 

•1 

1.01 

VI 

It 

AJtar  250  Houra 


0.99 

0.531 

10000 

0.98 

II 

It 

0.94 

K 

II 

0.98 

tt 

m 

0.93 

•t 

m 

0.98 

N 

1.01 

II 

N 

0.99 

K 

N 

0.99 

II 

II 

0.99 

m 

II 

0.99 

n 

It 

1.01 

n 

w 

gga?.^g. 
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CMOfOJOfOHOOCOfO 


gx-Mgr2 


InpregnMits  90»  ptirifled  l«nosterol  Ratings  1 nfd,  200  VDC 

1056  castor  oil  Irict  Voltagas  2SC  VX 

Papers  1 x 0.00035"  metallized 

Teaperature : 425®C 


Before  Test  After  250  Hours 


gSfia 

Sssu. 

^D.F. 

Li^ 

0.91 

0.70^ 

■ PjiOO 

0.90 

0.755s 

2500 

-88 

ft 

3000 

.85 

75C-0 

.90 

n 

3400 

«G9 

38U0 

.87 

3400 

.84 

7000 

.91 

n 

3800 

o90 

It 

8000 

.93 

n 

3800 

-31 

7500 

.90 

ft 

3400 

.88 

n 

5500 

.90 

N 

3400 

.88 

?t 

8000 

.92 

tl 

3400 

.91 

!! 

60CO 

Tenperature  j +85°C 


BefOTe  Teat  After  250  Hourp 


Cap. 

^D.F. 

Rg 

i^Counts 

0.90 

U.70% 

5500 

0.89 

0.70^ 

3000 

3 

.93 

n 

5500 

.93 

If 

2800 

1 

.89 

n 

5500 

.90 

n 

3000 

1 

.93 

ft 

6a>o 

.93 

tf 

280C 

i 

.87 

a 

box- 

.88 

If 

260C' 

11 

.98 

n 

4500 

.98 

r» 

300T' 

0 

.89 

55fi( 

.■‘1 

« 

3CCC. 

.88 

n 

5500 

.89 

It 

?P('C 

(■ 

1.01 

ft 

5500 

1.01 

rt 

210(; 

0.89 

ri 

’ 

0.89 

n 

2r00 

0 

.88 

rt 

550:  > 

« 

.93 

ft 

5 'f- 

If 

j 

Ltpregn&ntt  90J(  ptirlfied  lanost-erol 
10%  castor  oil 

Papers I 1 x 0,00035"  metallized 
1 T 0,00045"  Kraft 


Temperature i -55°C 


•Rating:  1 ofd,  600  VDC 

Tsst  Vol-tagei  84O  VDC 


IfinZa 

li  R* 

Cap. 

I.  R. 

0 1 

is  ! 

0s70% 

7500 

0.91 

0.70% 

5500 

.90 

fl 

ft 

.90 

n 

5500 

.97 

ft 

ft 

.96 

n 

6000 

.92 

n 

ft 

.93 

n 

5500 

.95 

fl 

m 

.95 

n 

5500 

.97 

M 

m 

.96 

n 

4500 

-•96 

fl 

m 

.96 

R 

4500 

.96 

ft 

n 

.95 

n 

5500 

.90 

ft 

R 

.90 

f* 

6000 

.90 

a 

R 

.89 

w 

7500 

.93 

ft 

R 

.93 

N 

6000 

.93 

m 

R 

.93 

n 

6000 

Tenperatvire  t ^5^0 


Cap. 

KD.P. 

£ft&a 

I.  R. 

0«99 

0.60% 

6000 

0.94 

0.70% 

10000 

1.08 

n 

6000 

1.03 

R 

6000 

0.92 

n 

6000 

0.88 

n 

10000 

.93 

n 

6000 

.89 

n 

10000 

.94 

n 

1300 

.90 

h 

3600 

.93 

n 

5500 

.90 

ft 

10000 

.92 

n 

6000 

.90 

ft 

10000 

.94 

n 

7500 

.91 

n 

10000 

.94 

n 

7500 

.91 

n 

10000 

.93 

n 

6000 

.90 

ft 

10000 

.92 

n 

7500 

.91 

ft 

10000 

.95 

n 

6000 

.91 

n 

10000 

Cap> 

0.90 

0.60^ 

.94 

n 

-Ct'^ 

j? 

.92 

n 

.89 

n 

1.C8 

n 

0.93 

H 

.90 

tt 

.89 

tt 

.01 

n 

.95 

n 

Ll^ 

gl^Pi 

7500 

0.91 

7‘iOO 

.v4 

6000 

.95 

6000 

.93 

7500 

.89 

6000 

1.09 

7500 

O.q^ 

7500 

.oi 

7500 

.91 

7500 

,97 

foco 

-,7' 

0600 

It 

2200 

tt 

2000 

tt 

2400 

tt 

2200 

n 

2300 

tt 

2600 

tt 

2400 

It 

2000 

tt 

2200 

*t 

2400 

# Coimts 


1 
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'J»ON)WVA>h-*Vjj\jtOVjjQ 


ima.i? 


CoDparleon  of  C&pacitor  Sizes 


Microfarads  per  Cublo  Inch 
Voltage  High  Ambient  Capacitors  Capacitors 

tenperaturea  belov  0.1  mfd  above  0.^  mfd 


(paper-foil  Capacitors) 


Balova: 

200  VDC 

+85''C 

1.1 

2,2 

Purified 
Lance terol 

200  VDC 

+85®C 

0.5 

1.7 

Vitamin  Q 

600  VDC 

4l25®C 

. 0.2 

0,5 

Purified  Lanos* 

600  Vdc 

+85®C 

0.2 

0.9 

(Metallized  Paper  Capacltora) 

Mineral  Wax 

200  VDC 

4.85®C 

2.2 

4.9 

Purlfleri 
Lanos terol 

200  VDC 

+85°C 

2.8 

7.8 

90^  Purif.  Lanos* 
10j(  Castor  oil 

200  VDC 

+85®C 

2.8 

8.0 
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